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Influence of Management and Season on Fate of N 
Applied to Golf Greens I 
By K. W. Brown, R. L. Dubie, and J.C. Thomas2 
ABSTRACT 
Becaa.se golf greens are constructed of very sandy soil mixtures over 
a gr.rrel and tile drainage system and subjected to heavy irrigation 
~· there is a high potential for logs of applied N through leaching. 
This ~ was undertaken to determine the influence of management 
Practices dunng different seasons on the fate of N applied to golf greens. 
Small ISOiated golf greens (3 m on a side) were constructed according to 
SGA specifications and eqmpped with drainage and runoff collection 
systems.. t'llixtures of sand and Houston black 'clay soil (Udic Pellusterts) 
w~ i_ised _in some plots while others were made of a Tabor sandy loam 
soil l lde:rtic Paleustales). All plots were planted with Tifdwarf Bermuda-
grass 1Cynodon dactylon L.) N sources were applied at various rates dur-
ing dffierent seasons. The golf greens were irrigated at three different 
rat~ Leachate and runoff samples were analyzed for N03 to evaluate 
the influence of management practices on N losses from the golf greens. 
The ~ts show that ~ losses and concentrations of N03 in the leachate 
immediately after applicat10n of soluble sources were a function of the 
rate of :'>I and water applied. When the irrigation rate was kept at or near 
the erapotranspiration rate , the loss of N03 from inorganic soluble 
sources was minimized. The irrigation rate did not affect the N03 losses 
from orgaruc sources. Seasonal studies indicated that losses and concen-
trations of 03 were highest in winter . This appeared to be associated 
with lhe large volume of water which leached from the plots during the 
seasoa_ It was .concluded that N losses and N03 concentrations could be 
lowen!d by : using organic sources of N; reducing irrigation rates to equal 
the erapotranspirat10n rate: and decreasing fertilizer rates during peri-
ods of slow growth. 
.;.._~~~~~~~~~~~~~~ 
A dditional index words : Turf, Pollution, N source. 
Golf greens are built and designed for their aesthetic 
value and are subject to intensive management. A signifi-
cant part of this management is the frequent application 
of - ·-0>ntaining fertilizers . Some of the applied N may be 
los either by leaching from greens with high infiltration 
ra es or by r~noff from greens with low infiltration rates . 
Brown et al. have shown that the amount of N lost in the 
leachate and runoff from golf greens and the concentra-
tion in the leachate and runoff depends on the amount and 
source of the N fertilizer applied. 
Large applications of N, particularly from soluble 
sources may be leached through the greens by heavy 
rains or intense irrigations before the N can be taken up 
or fixed. Definitive data on the influence of management 
practices on the loss of N have not been reported in the lit-
erature. 
-~ te~hnique which may be useful to minimize N03 
leaching 1s to regulate the amount of water applied so as 
to minimize leachate volumes. LaRue et al. (1968) reported 
that the least amount of water was lost from the root zone 
l Contribution of the Texas Agric. Exp. Stn. and the U.S. Golf Asso-
ciation. Greens Section. Received 24 Nov. 1976. 
Associate professor, extension turf specialist , and research associ-
~le. respectively, in the soil and crop sciences Dep., Texas A&M Univ ., 
= Station, TX 77843. 
3 Brown. K. W., J. C. Thomas, and R. L. Duble. 1976. The effect of 
different nitrogen sources on leaching and runoff losses of nitrate and 
ammonia from golf greens. Submitted for publication. 
4 Duble. R. L., K. W. Brown, and J. C. Thomas. 1976. Leachate and 
runoff losses of arsenic from golf greens. Submitted for publication. 
when heavy irrigations were applied infrequently. Tovey 
et al. (1969) found twice-weekly irrigations adequate to 
maintain a turfgrass with good appearance and condition 
during the hot part of the growing season if sufficient wa-
ter was applied to bring the plant root zone to field capacity 
at each irrigation. Brown and Duble (1975) reported that 
the water holding capacity of greens with mixtures con-
sisting mostly of sand above a gravel layer is adequate to 
allow a twice-weekly watering. 
Ellis (1969) reported that N03 fertilizers applied to 
lawns in mid-summer could not be detected below a 30 cm 
depth nor was there any indication of increased N03 in 
the ground water. N03 fertilizer applied in October, how-
ever, could be traced to the ground water. 
This study was undertaken to determine the effect of 
fertilizer application rate, irrigation rate, and seasons of 
the year on the loss of N through leaching and runoff from 
golf greens. 
MATERIALS AND METHODS 
The materials and methods for this research were de-
scribed in detail by Duble et al. 4 . Briefly, the treatments 
were applied to a group of 21 square golf greens, 3 m on a 
side, separated from each other by plastic barriers and 
equipped with gravel under-drainage systems which 
drained into large collection containers. The less perme-
able soil plots were provided with systems to collect and 
store both the leachate and the runoff. The volume of wa-
ter collected in each container was measured three times a 
week at which time subsamples were collected for analysis . 
Four replications of each of the following mixture of 
materials used to construct golf greens were used: 90% 
sand-10% peat moss ; 80% sand-10% clay soil-10% peat moss ; 
and a fine sandy loam soil. Eight replications of a mix-
ture containing 85% sand-5% clay soil-10% peat moss were 
also included. An additional single plot of pure sand was 
included. All plots were planted to Tifdwarf bermudagrass 
(Cynodon dactylon L.) and overseeded with perennial rye 
grasses in the fall . Irrigations were applied daily May 
through October and every other day during the rest of 
the year. 
During part of the study, variable irrigation rates 
were used. Some plots received 0.6-0.8 cm/application; 
others received 0.8 to 1.0 cm/application and another 
group received 1 to 1.2 cm/ application rates, respectively. 
During other studies, the rates were 1.0 cm/ application. 
N-containing fertilizers were applied during different sea-
sons and at various rates to 4 replicates as shown in Table 
1. All applications but one were applied uniformly over all 
(Continued on Page 4) 
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plots. On 2 Aug. 1974, an application of (NH4l2S04, was 
made at different rates to selected plots. All plots con-
structed of mixtures were grouped into 4 replicates treated 
at each fertilizer level. The effects of N sources upon losses 
of N03 are discussed in a companion paper by Brown et al. 
0976). The materials applied, their application rates and 
the seasons are given in Table 1. 
Leachate and runoff samples were refrigerated im-
mediately after collection and subsequently analyzed for 
N03 by means of a specific ion electrode (Orion Model 92-
07). To determine the amount of N lost as NH4, some sam- ' 
pies were also analyzed by means of a specific ion elec-
trode (Orion Model 95-70). 
RESULTS AND DISCUSSION 
A. Application Rate Comparisons 
Since there were no observable differences in the be-
havior of the 80-10-10 and 85-5-10 mixtures, the average 
values for all these will be referred to as the soil mixture 
plots constructed of 100% fine sandy loam soil will be re-
ferred to as the soil plots. The 90-0-10 plots will be referred 
to as sand since they contain no soil. 
N fertilizer in the form of (NH4)28_04 was applied to 
individual replicates of the soil mixture plots at four dif-
ferent rates on the same date (2 Aug. 1974). The resulting 
concentrations of N03 in the leachate are shown in Fig. 1. 
Two peaks in concentration are evident, both following 
heavy rains. The concentrations in the leachate are gener-
ally ranked in the order of application rate. The influence 
of the application rate was most evident immediately af-
ter treatment and following dry periods. Some of the NH4 
was apparently converted to N03 during the dry period 
and leached from the green after the first two heavy rains 
(23 days after application). Heavy rainfall which occurred 
25 or more days after application did not result in peak 
Table I. Schedule of N source applications to the experimemal 
golf greens. 
Source Date applied Season Rate 
kg N/ha 
NH4N03 16 Feb. 73 Winter 163 
Ureaformaldehyde 6 June 73 Summer 224 
12-12-12 ((NH4h S04 and urea) 26 July 73 Summer 146 
Milorganite 22 Aug. 73 Summer 82 
Miiorganite 17 Oct. 73 Fall 146 
(NH4),S04 2 Aug. 74 Su mmer 24 
(NH4),S04 2 Aug. 74 Summer 49 
(NH4)2S04 2 Aug. 74 Summer 73 
(NH4),S04 2 Aug. 74 Summer 98 
(NH4),S04 18 Sept. 74 Fall 98 
(NH4),S04 18 Oct. 74 Fall 98 
Ureaformaldehyde 25 Jan. 75 Winter 49 
4 
concentrations. It is evident from this data that the con-
centrations of N03 in the leachate following application of 
NH4 sources will depend on the application rate and the 
frequency of heavy irrigation rates or rainfall. 
. N losses from the four rates of ( H4)2S04 are gi 
~n Table 2. Losses expressed as a fraction of that applied 
mcreased as the application rate decreased from 98 to 24 
kg / ha. The trend is evident for both the mixtures and the 
soils for both the NH4 and N03 components of the loss. 
When the data is expressed as kg of N lost per hec-
tare , a different trend is evident. As the application rate 
increases, there is an increase in the total loss of N per 
hectare. Thus at the greater application rates, more N was 
lost, but the fraction of that applied which was lost was 
smaller. 
8. Irrigation Rate Comparison 
The influence of irrigation rate on the N03 concen-
tration from the greens treated with NH4 0 3 can be seen 
in Fig. 2. The high and medium irrigation rates both re-
sulted in rapid flushing of the 03. The peak from the 
high irrigation rate was earlier and had a greater concen-
tration of N03 than did that from the medium rate. The 
plots which received low irrigation rates showed no peak 
concentrations of N03 at anytime during the study. Water 
flow through these plots was much less and allowed the N 
time to be taken up by grass roots or otherwise trans-
formed, before it was leached. 
The leachate concentrations from 12-12-12 treat ..._ 
plots receiving high, medium, and low amounts of irri .1 
tion are shown in Fig. 3. The peak concentrations are 
slightly higher and narrower from the high irrigation rate 
than from the medium rate. These differences are, how-
ever, small. For the low irrigation rate, the peak concen-
tration is about half of that of the higher irrigation rate, is 
broader and occurs 5 days later, indicating that the N03 
moved more slowly. This would also allow more time for 
root uptake and other transformations within the profile. 
Leachate from the organic N-sources resulted in consis-
tently low concentrations of N03 and differences due to 
irrigation rates were not evident (Fig. 4 and 5). 
While heavy rainfall hastened the leaching of N03 
from the profiles, only occasionally were sharp peaks as-
sociated with rainfall events. Concentrations following the 
application of (NH4)2 S04, shown in Fig. 1, are one in-
stance where perhaps the rainfall washed the N which 
had been oxidized to N03 from the profile. When organic 
sources of N were used, no such peaks were observed. 
Irrigation rate influenced the concentration and du-
ration of peak concentrations being leached from the plots. 
Table 2. N lost in the leachate expressed as a percent of the applied N. Applications were different rates f (NH) "0 
constructed of mixtures and soil. 
0 
• "" • to plots 
Mixtures So ii 
Rate N03 NH4 TotalN N0 3 NH4 Total N -~ 
kg/ha % kg /ha % kg/ha % kg/ha % kg/ha % kg/ha % kg /ha 
98 15.5 15.2 0.8 7.8 16.3 16.0 4.6 4.5 0.3 0.3 4 .9 4.8 
73 22.0 16.1 0.9 0.7 22.9 16.7 5.0 3.7 0.4 0 .3 5 .4 3.9 
49 24.9 12.7 2.8 1.4 27 .7 13.6 
24 37.8 9.1 3.6, 0.9 41.4 9.9 14.6 3.5 0.8 0 .2 15.4 3.7 
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fig. 2. Leachate loss of N as N03 from an application of 163 
kg/ha of NH,N00 on 16 Feb. 1973, to field plots irrigated at 
•·arious rates. 
N0 3 leached most rapidly from those plots which received 
high irrigation rates. When irrigation rates were kept near 
or below evapotranspiration rates, leachate loss from por-
ous plots fertilized with soluble sources was minimized. 
High irrigation rate following application of inorganic 
N sources resulted in concentrations of N03 in the water 
from porous golf greens which exceeded the drinking wa-
ter standard of 45 ppm N03 (FWPCA, 1972) for periods of 
as long as 10 days. 
Irrigation should be scheduled in such a way as to 
minimize leaching losses of both water and nutrients. This 
will not, however, completely eliminate the losses from 
soluble sources because of occasional heavy storms. Irri-
gation systems should be adjusted monthly to add no more 
water than is lost by evapotranspiration. Automatic irriga-
tion systems should be equipped with a bypass system to 
- revent irrigation for a day or two after heavy rains. In 
eas where it is necessary to leach salts from the greens 
and the natural rainfall is not sufficient, the best practice 
would be to schedule leachings about one month after ap-
( Continued on Page 6) 
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Fig. 3. Leachate loss of N as N03 from an appliq1tion of 146 
kg!ha of 12-12-12 on 26 July 1973, to .field-plots irrigated at 
various rates. 
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Fig. 4. Leachate loss of N as N03 from an application of 
146 kg/ha of Milorganite on 17 Oct. 1973, to field plots irri· 
gated at various rates. 
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Fig. 5. Leachate loss of N as NOa from an application of 
244 kg/ha of ureaforrnaldehyde on 6 June 1973, to field 
plots irrigated at various rates. 
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Fig. 6. Concentrations of N03 in the leachate and runoff col· 
lected from golf greens following an application of 163 kg/ 
ha of N as NH,N03 on 16 Feb. 1973. 
(Continued from Page 5) 
plication of a soluble fertilizer source or two months after 
the application of an organic or slow release source. 
C. Seasonal Comparisons 
Seasonal comparisons of the data are difficult at best 
because different application rates were used during the 
different seasons. NH4 N03 was applied three times ; a 
winter application of 163 kg/ ha was made on 16 Feb. 1973. 
Two applications each of 98 kg/ha were made in the fall of 
1974. The results of the latter two applications were similar 
and thus only one set of data is shown. During the winter, 
irrigations resulted in peak concentrations (Fig. 6) of 326 
and 312 ppm N03 in the leachate of the sand and sand-soil 
mixtures, respectively. The peak occurred 10 days after 
application. During the fall , the peak concentration of 85 
and 50 ppm N03 for the sand and sand-soil mixtures re-
spectively occurred 5 days after application (Fig. 7). The 
peak concentration of 170 ppm N03 from the winter appli-
cation of 163 kg/ha to the soil plots occurred 22 days after 
application. No peak was evident from the application in 
the fall. Little rainfall occurred during the early part of 
either the fall or winter studies and only occasionally did 
the concentration in the runoff exceed 15 ppm. 
From these two sets of data it is evident that the N03 
did leach out of the sands and sand-soil mixtures during 
both seasons. The initial peaks· are slightly higher and may 
be slightly earlier from the sands than the sand-soil mix-
tures. Rather than appearing as a perfectly symmetrical 
breakthrough curve, the concentrations after the peak re-
main high, as can be seen in Fig. 6, indicating that N03 
continues to leach perhaps as the oxidation of other forms 
proceeds. 
Since water moves slower through the sandy loam soil 
than the sand or sand-soil mixtures, the concentration 
peaks are broader and not as high as from the sands or 
sand-soil mixtures. Apparently, following the fall N appli-
cation the application rate was low enough and the rate of 
water movement was slow enough that no peak concentra-
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Fig. 7. Concentrations of NO, in th.e leachate and runoff col· 
lected from golf greens following an application of 98 kg/ ha 
of N as NH,N03 on 18 Sept- 197-4. 
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lected from golf greens following an application of 146 kg/ 
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tion was found in the soil leachate. However, some N was 
lost from the soil plots in the form of N03 in the runoff. 
Rains were generally light and the roncentrations in the 
runoff were low compared to the leachate. 
J I 
Another comparison can be made between the sum-
mer and fall applications of 82 kg- / ha and 146 kgN/ha 
as Milorganite. The lower application rate on 22 Aug. 1973, 
did not result in any mean concentrations greater than 2 
ppm N03, and most of the samples were below detection 
limits. Thirty days following the application on 17 Oct. 
1973, a peak concentration of 49.3 ppm N03 was reached 
in the sand plots (Fig. 8). This peak was undoubtedly stim-
ulated by the 5.75 cm rain which fell 2 days earlier. Con-
centrations from the mixture peaked at the same time , but 
did not exceed 10 ppm N03. Runoff concentrations from 
the soil plots exceeded 10 ppm only once during the stud -
and was 5 ppm or less for all the other samples. v 
Ureaformaldehyde applications of 244 kg N/ha and 
49 kg N/ ha were made on 6 June 1973, and 25 Jan. 1975. 
The data are shown in Fig. 9 and 10, respectively. Follow-
4 5cm rain 3.0 58cm 
I II 
IO 
12 an 
I 
a Sand 
x Mixtures 
0 Soil 
o Runoff 
15 20 25 30 35 4 0 45 50 
TIME ldoys) 
Fig. 9. Concentrations of N03 in the leachate and runoff col-
lected from golf greens following an application of 244 kg/ 
h a of N as ureaformaldehyde on 6 June 1973. 
ing the heavy application during the summer all concen-
trations were low. One sampling date for the mixtures and 
one for the soil yielded concentrations above the detector 
limit ; the runoff concentrations were above those limits on 
only two occasions and did not exceed 15 ppm in either 
case. The much lower application rate during the winter 
did result in detectable concentrations, but they were all 
too low. A peak of 18 ppm from the sand-soil mixtures oc-
curred 8 days after this application. The concentrations 
from the sand peaked at 9 ppm on the same day and never 
exceeded 5 ppm. The soil concentrations were always less 
· an 10 ppm and showed a broader, delayed peak. Runoff 
ncentrations from all cases were at or below the detec-
tion limits. 
The data from this study indicate that N losses from 
organic and slow release N sources are low and of small 
economic importance throughout all seasons and irriga-
tion rates. When soluble inorganic N sources are used, 
however , it was found that greater amounts were lost and 
7 TURF BULLETIN 
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Fig. IO. Concentrations of N03 in the leachate and runoff col-
lected from golf greens following an application of 49 kg/ 
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the potential for environmental pollution was greater. The 
potential for pollution was greatest for these sources dur-
ing periods of low plant N use and heavy rainfall or irriga-
tion. 
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Potassium: The Mystery Element 
By Brian M. Silva 
University of Massachusetts, Amherst 
In terms of quantities taken up by crops and the to-
tal amount present in many soils, potassium is one of the 
most important of the nutrient cations. Potassium is one of 
the essential elements in the nutrition of plants and one of 
the three that are commonly in sufficiently short supply in 
the soil to limit crop yield (3, 8, 9). 
Potassium is absorbed in the plant in larger amounts 
than any other element excluding nitrogen. Upon analy-
sis potassium is found in all plant parts in relatively large 
quantities, particularly in the leaves and growing points. 
Potassium is also present in comparatively large quanti-
ties in most soils and constitutes 2.4 per cent of the earth's 
crust. The importance of potassium in crop production has 
been recognized since the beginning of the nineteenth 
century. (3 , 7, 9). 
Despite its widespread presence, potassium could well 
be described as the mystery element of plant nutrition. 
Although many studies have been made on the metabolic 
role of potassium in plants, its specific functions in plant 
growth have yet to be fully described and understood (7). 
While potassium does play an important role in many 
of the vital physiological processes in the plant, it is not a 
onstituent of living cells or part of the molecular struc-
e of any of the important plant components such as pro-
teins , carbohydrates, or chlorophyll. Also, the exact nature 
of the mechanism by which potassium functions is not def-
inately known (6). 
Potassium is essential in all cell metabolic processes 
and apparently has a specific role in influencing the up-
take of certain other mineral elements, in regulating the 
rate of respiration, in affecting the rate of transpiration, 
in aiding the synthesis and translocation of carbohy-
drates, amino acids and proteins, and in numerous enzy-
matic reactions including nitrate reduction where it func-
tions in the role of a catalyst. (3, 6, 8). 
In relation to photosynthesis, potassium participates 
in at least two ways. While not entering prominently into 
the molecular structure of chlorophyll as does nitrogen, 
potassium is necessary for the development of this pig-
ment. Its importance in the photosynthetic process is fur-
ther indicated by the fact that potassium shortages in 
leaves are commonly considered to lead to reduced rates 
of carbon dioxide assimilation (7, 8). 
Potassium is also involved in the regulation of water 
absorption and uptake and in this respect greatly influ-
ences the heat, drought, and cold tolerances of turf-
grasses. Tissue hydration decreases as potassium levels in-
crease, and a distinct reduction in heat and cold tolerance 
will be noted under conditions of potassium deficiency. 
Moderate to high levels of potassium in the plant .:will in-
crease leaf turgor pressure which reduces wilting tolerance 
of the plant. Increased rooting development, particular-
ly branching, at higher potassium levels also contrib-
utes to improved drought tolerance (3, 7). 
Higher levels of potassium will reduce the incidence 
of several turfgrass diseases as Helminthosporium app., 
brown patch, Ophiobolus patch, Fusarium patch, red 
thread, and dollar spot. Increased susceptibility to disease 
at low or deficient potassium levels can result from: a) an 
(Continued on Page lOl 
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excessive accumulation of nitrogen and carbohydrates 
which creates a favorable medium for pathogen activity; 
bl a thin, delicate cell wall structure that is easily injured 
during mowing operations and provides ideal penetration 
sites; c) changes in the reaction and composition of cell 
sap which enhances pathogen activity; d) reduced plant 
vigor (3 , 7). 
Casual observations imply that turfgrass wear toler-
ance increases proportionally with the level of potassium 
nutrition. Under high potassium conditions cell walls are 
thicker, cellulose content is higher, turgor pressure is in-
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creased, and the plant exhibits increased vigor and wear 
tolerance. Turfgrasses grown under conditions of ade-
quate potassium nutrition are healthier , more vigorous 
plants with reduced susceptibility to disease and envir -~ 
mental stress. 
Equally important as the absolute level of potassium 
nutrition is the relationship which exists among potassi-
um, nitrogen, and phosphorus. Potassium can act as a cor-
rective factor to the harmful effects of nitrogen such as in-
creased disease incidence, reduced drought tolerance, and 
reduced rooting depth (8) . 
A proper balance of potassium and phosphorus in re-
lation to nitrogen is important in achieving maximum high 
and low temperature hardiness. A nitrogen: potassium ra-
tio of 2: 1 or 3: 1 has been shown to result in maximum 
cold temperature hardiness of Kentucky bluegrass. In 
agricultural crops potassium delays maturity and works 
against the undue ripening influences of phosphorus. It 
is in these ways that potassium exerts a balancing effect on 
nitrogen and phosphorus (3, 4, 8). 
This relationship involving nitrogen , phosphorus, and 
potassium can cause problems under field conditions. For 
example, potassium levels in the soil may be adequate for 
crops growing under conditions of low nitrogen and phos-
phorus ; but as nitrogen and phosphorus levels are in-
creased that supply of potassium becomes inadequate. 
Therefore, signs of potassium deficiency are often seen 
only after nitrogen and phosphorus fertilizers have been 
applied to a crop (8). 
Plants grown under conditions of potassium deficie '! 
cy are stunted and exhibit yellowish leaf margins. The 
most characteristic sign of potassium deficiency is "leaf 
scorch" , which is frequently mistaken for burning or firing 
and is often ascribed to a deficiency of moisture during 
periods of dry weather. (2, 6). 
Potassium deficiency on turf appears initially as 
drooping of leaves. Moderate yellowing then develops in 
the interveinal areas, especially at the tips of older leaves. 
This is followed by rolling and withering of the leaf tips, 
which retain blotches of green coloring. As the deficiency 
progresses, yellowing extends to the midvein which re-
mains green even though the leaf margins become 
scorched and the leaf tips severely scorched. As a result of 
such leaf deterioration photosynthesis is greatly impaired 
and the synthesis of starch is brought to a virtual standstill 
(3, 7). 
Under ordinary conditions and with adequate nutri-
ent supply, the crop removal of potassium is high , often 
equalling that of nitrogen. When large amounts of potassi-
um are in a readily available form plants tend to take up 
soluble potassium far in excess of their needs. This capac-
ity is termed luxury consumption as the excess potassium 
absorbed by the plant does not appreciably increase crop 
yields or plant vigor. 
Luxury consumption can prove to be a problem unde 
field conditions. For example, in order to save on labor 
costs a turfgrass manager may be tempted to apply po-
tassium once in a two to three year period. Much of the 
added potassium would probably be absorbed wastefully 
by the turf during the first season and the amount of 
potassium available for subsequent seasons would be low 
(3). 
Much potassium can be lost by leaching. In extreme 
es the magnitude of potassium loss on mineral soils as 
measured by examination of drainage water can approach 
that of potash removal by the crop. 
Leaching losses on intensively fertilized sandy soils, 
such as golf greens, can be quite high. Organic soils , while 
exhibiting a high exchange capacity, have a comparative-
ly low bonding strength for cations such as potassium and 
are susceptible to potassium losses. The use of nitrogen 
carriers with ammonium increases potassium loss by 
leaching as the ammonium ion readily .replaces the potas-
sium ion on the exchange sites of colloids (3, 4, 7). 
SOIL POTASSIUM AND ITS AVAILABILITY 
Most mineral soils, except those of sandy nature, are 
comparatively high in total potassium. In fact , the total 
quantity of this element is generally greater than that of 
any other major element. Fine-textured soils formed from 
rocks high in potassium-bearing minerals can contain 
quantities of potassium as high as 50,000 pounds per acre 
furrow slice, a quantity approaching 1,200 pounds per 
thousand square feet (7, 9). 
Of the total potassium contained in a soil, only a frac-
tion can be immediately utilized by plants. The forms of po-
tassium in soils can be classified on the basis of their avail-
ability : a) unavailable, b) readily available, c) slowly avail-
le. Most of the soil potassium is in the unavailable form . 
.. . Ji~"'"" 
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The relationship among the three general categories are 
shown below (4 ). 
RELATI V EL Y UNAVA ILABLE 
POT ASS IUM 
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90-98 °~ o f to tal potassiu m 
l I l 
SLOW LY AVAi LABLE READILY AVAILABLE POT ASSIUM 
POTASSIUM ~ !EXCHANGEAB LE and 
!NONEXCHANGEABLE (fixed) I ~ SO L UTI ON) IN SOIL 
1· 1 D°o of to tal potassiu m 1-2% of total po tassium 
'-y-' 
1 10% j 90% / 
NON EXCHANGEABLE 
POT ASSIUM 
- EXCHANG EABLE--.. IN SO IL 
~- POTASSIUM ~SOLUTION 
These equilbrium tendencies are of vital importance, 
especially with regard to the slowly available and readily 
available forms. A slow change from one form to another 
can and will occur. This allows for the fixation and conser-
vation of added soluble potassium and a subsequent slow 
release of this element when the readily available supply 
is reduced (4 ). 
Clearly, most soil potassium contained in a mineral 
soil exists in relatively unavailable forms . Primary miner-
als such as the micas and feldspars contain most of this 
form of potassium and supply relatively insignificant quan-
tities of potassium over a given growing season as a re-
sult of their resistance to weathering. There does exist a 
continuous- but slow transfer of potassium from the pri-
mary minerals to the exchangeable and slowly available 
forms (4, 9). 
The readily available form of potassium comprises 
only one to two per cent of the total potassium in an aver-
age mineral soil. Readily available potassium exists as po-
tassium in the soil solution and as exchangeable potassi-
um absorbed on soil colloidal surfaces, and constitutes 
that fraction of soil potassium that can be readily absorbed 
by growing plants and readily leached through the soil pro-
file . These two forms of readily available potassium exist 
in dynamic equilbrium, as earlier illustrated, and this 
relationship assumes great significance from a practical 
(Continued on Page 12) 
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standpoint. Plant absorption of soil solution potassium will 
temporarily disrupt this equilbrium. In order to restore 
this balance, a portion of exchangeable potassium immedi-
ately moves into the soil solution until the equilbrium is 
again established. Conversely, when water soluble forms 
of potassium are added, the reverse adjustment takes 
place (4). 
Slowly available potassium becomes available to 
plants over longer periods of time. However, it is much 
more available to plants than the potassium present in the 
primary minerals. 
In the presence of 2: 1 expanding type minerals such 
as vermiculite and illite , lJOtassium ions can fit in between 
the crystal units of the clays and become an integral part 
of the crystal. Potassium in this form is referred to as non-
exchangeable, for it is not readily available to higher 
plants . However , this form is in equilbrium with the avail-
able forms and creates an important source of slowly avail-
able potassium. 
This amount of "fixed" potassium in some soils can be 
quite large, and is continually released to the exchangeable 
form in amounts large enough to be of practical import-
ance. For example, Bray and DeTurk found the release of 
as much as 300 pounds of potassium per acre from an Illi-
nois soil in a six month period (4, 5). 
The exact mechanisms concerning potassium fixation 
and release are still not clearly understood; but it is sure-
ly known that several soil conditions greatly influence po-
tassium fixation. Clays of the 1 :1 type such as kaolinite do 
not fix potassium in the manner described for the 2: 1 
types. Applications of lime often result in an increase of po-
tassium fixation in soils, but with normal liming practices 
this is considered beneficial as potassium is conserved 
against leaching losses which are more severe in acid soils. 
Large amounts of fertilizer potassium additions over a 
12 
period of time will result in less fixation of subsequent ap-
lications and an increase in the content of exchangeable 
potassium. Research to date indicates that the level of ex-
changeable pota~sium in~reas~s as ter:ripera~ures increa~ ~ 
Generally speakmg, drymg f!eld-m01st soils usually iIYJ 
creases the level of exchangeable potassium. This fact is 
of particular interest in regard to soil tests where air 
drying samples prior to analysis could lead to high soil test 
values of potassium and a resulting low recommendation 
for potassium fertilization . ( 4, 8, 9) . 
In relation to fixed or native potassium it has been 
shown that plants with roots of relatively low exchange ca-
pacity values are best able to absorb native soil potassium. 
Plants with low exchange capacities such as grasses and 
cereals will exhibit small response to applications of fer-
tilizer potassium when compared to plants such as clover 
which have higher root exchange capacity. Keeping this 
in mind, it becomes obvious that grasses are much better 
able to survive at low levels of potassium (9). 
Practical Implications in Respect to Potassium 
One suggestion that is evident from the material con-
sidered thus far is that frequent, light applications of po-
tassium are superior to heavier , less frequent applications. 
Heavier applications lead to excess leaching, luxury con-
sumption by crops, and an increase in potassium fixation. 
While fixation does exhibit a beneficial capacity in regard to 
potassium conservation, in most situations this is out-
weighed by the disadvantages of excess leaching and lu~ 
ury consumption. · 
Another valuable suggestion is that full advantage be 
taken of the potassium supplying power of soils. For ex-
ample, A. S. Ayres grew 16 crops of Napier grass in Ha-
waii over a four and one-half year span without adding 
potassium fertilizer. Each cropping removed 250 pounds 
of potassium per acre but the exchangeable potassium in 
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the soil remained nearly the same over the duration of the 
experiment. The idea that each pound of potassium lost 
from the soil by leaching or plant uptake must be supple-
nted by the addition of fertilizer potassium is not al-
ways correct. In many cases large quantities of moderate-
ly available forms of potassium are present in the soil and 
can be utilized for plant uptake (1). 
According to Brady, the problem associated with the 
maintenance of soil potassium can be outlined as follows 
(4) . 
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The problem of potassium economy can be summar-
ized : a) a very large proportion of this element at any 
given time is relatively unavailable to higher plants; b) 
because of the solubility of its available forms , it is sub-
t of wasteful leaching losses ; c) the removal of potassi-
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um by crops is high, especially when luxury quantities of 
this element are applied (4). 
Bearing these ideas in mind, along with the accelerat-
ed use of sand in topsoil mixes, one must expect an in 
creased use of commercial potassium if optimum turf qual-
ity is to be maintained. The contemporary turfgrass man-
ager certainly must develop a comprehension of the in-
teractions encountered by different forms of potassium in 
the soil environmerit; he can not afford to overlook the 
role of potassium in relation to disease incidence and the 
general hardiness of grasses to withstand many adverse 
environmental conditions. 
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Effect of IBDU and UF Rate, Date, and Frequency of Application--
on Merion Kentucky Bluegrassl L,, 
By J. F. Wilkinson 2 
ABSTRACT 
IBDU (isobutylidene diurea) and VF (ureaformaldehyde) are two 
popular synthetic, slow-release nitrogen sources for use on turf. IBDU-N 
release is a dissolution process, whereas N release from UF is dependent 
upon microbial activity. As a result, different turf responses to the two 
sources are expected. The objective was to compare IBDU coarse and 
fine , UF , and AN ' (ammonium nitrate) applied to 'Merion' Kentucky 
bluegrass .(Poa pratensis L. ) grown on Brookston silt loam, a member of 
the fine-loamy , mixed, mesic Typic Argiaquolls , with a pH of approxi-
mately 7.3. Each N source was applied at 1, 2, or 3 kg N/ are. The 1 and 3 
kg N rates were applied in April. The 2 kg N rate was applied either in 
April, September, split between April and September, or split between 
April , June, July, and September. Treatment response was measured 
monthly by turf quality ratings, clipping weights , and N uptake. Turf re-
sponse to coarse and fine IBDU was very similar. Single spring applica-
tions of IBDU produced a poor initial turf response compared to UF. 
IBDU provided a much better turf response than UF at low tempera-
tures, whereas there was relatively little difference in turf response to 
IBDU nd UF during the summer months when applied at the same rate 
and date. Frequency of application affected turf quality response more 
with IBDU than UF. Two IBDU applications were required for most 
uniform turf quality response. Uniformity of response improved only 
slightly with multiple UF applications. 
Additional index words:lsobutylidene diurea, N recovery, Poa pra-
tensis, Turf quality, Urea-formaldehyde. 
Slow-release nitrogen sources are used extensively by 
turf managers to decrease fertilizer application frequency 
and labor costs. Ureaformaldehyde (UF) and isobutyli-
dene diurea (IBDU) are two synthetic, slow-release N 
sources commercially available for use on turf. N release 
from UF is dependent upon microbial degradation , and 
consequently, soil temperature is a major factor affect-
ing turf response.· IBDU-N release is a dissolution process 
and less dependent on temperature than release of UF-N. 
Since N release from UF and IBDU follow different prin-
ciples, different turf responses are anticipated throughout 
the growing season. 
UF normally contains 25 to 35% of its total N in the 
water-soluble form (11 % water-soluble N). A rapid initial 
response is produced, especially if applied at higher rates. 
A residual response results from the water-insoluble N 
fraction . 
IBDU contains 3% water-soluble N (10% of its total NJ. 
It has been found to produce a slow initial response (2) . N 
release rate is reported to be faster with finer particle 
sizes and in acid soils (1) . Earlier studies have indicated 
better N recovery and cold temperature response from 
IBDU than UF (2, 4, 5). There is some indication that high 
rates of IBDU may produce temporary turf discoloration 
(3). 
1 Published with the permission of the Director of the Ohio Agric. 
Research and Development Center as Journal article no. 100-76. This re-
search was supported partially by the Ohio Turfgrass Foundation and a 
grant from Swift Chemical Co. Received 15 July 1976. 
2 Assistant professor, Agronomy Dept. , Ohio State Univ., and 
OARDC (presently, Director of Research, ChemLawn Corp, 450 W. Wil-
son Bridge Rd., Worthington , OH 43085). 
The objective of this research was to compare in de-
tail the response of 'Merion' Kentucky bluegrass (Poa 
pratensis L.) to different rates, dates , and frequencies of 
application of IBDU and UF . 
MATERIALS AND METHODS 
The research was conducted at the turfgrass research -
plots at The Ohio State Univ. in Columbus on a 6-year-old 
stand of Merion Kentucky bluegrass. The soil was Brook-
ston silt loam, a member of the fine-loamy, mixed, mesic 
Typic Argiaquolls , with a pH of approximately 7 .3. P and 
K were applied at 1.7 and 0.9 kg/are/ year, respectively. 
The turf was irrigated throughout the growing season to 
prevent wilt and was moved twice weekly at 3.8 cm with 
clippings returned. A randomized complete block design 
was used with three replications and a plot size of 1.21 X 
2.42m. 
The treatments (Table 1) included IBDU coarse (1 to 
2 mm particle size), IBDU fine (0.25 to 0.5 mm) and UF 
(71 % water-insoluble N). Each was applied at three rates 
and three frequencies of application. Ammonium nitra 
(AN) was included as an additional treatment at 0.5 kg 
are in April, June, July, and September for comparative 
purposes. Monthly precipitation and temperature data 
are presented in Fig. 1. 
Table I. Rate and frequency of application of coarse and fine 
IBDU and UF. 
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bus,-Ohio, in 1974 and 1975. 
Treatments were initiated in April 1973, and termi-
nated in September 1975. Fertilizer was applied each year 
on 15 April , 1 June, 15 July, and 1 September. Turf quality 
were taken monthly during 1974 and 1975. Plots were 
ed 1 to 9, 1 being dead turf and 9 being the highest pos-
sible quaiity, not the highest on any particular rating date. 
Using this system, a value of 6.5 or higher was considered 
acceptable turf quality. Clippings were collected monthly 
during 1975 from one 2.42 m pass of a mower over the 
plots (1.6 m2) after 7 days of regrowth. Clippings were 
dried at 70 C, weighed, and ground in a Wiley Mill for 
Kjeldahl analysis of total N. Nitrogen determinations were 
made on the clippings in early and late spring, mid-sum-
mer, and early fall. 
RESULTS AND DISCUSSION 
Turf response to coarse and fine IBDU in most cases 
was very similar, especially at the 1 and 2 kg N/are rates. 
A more rapid N release rate normally is expected from the 
finer material, however, this was observed in only a few 
instances at the 3 kg N/are rate. Similar turf response to 
the two particle sizes may be due, in part , to the alkaline 
soils used in this study. Hughes (1) has shown IBDU-N re-
lease may be delayed in alkaline soils. As a result, pH may 
have negated IBDU particle size effects. Results reported 
in this article compare only IBDU coarse with UF and AN. 
Both IBDU and UF produced higher turf quality and 
eater clipping weights with increasing N levels (Fig. 2). 
rf response (both quality and clipping weights) to 
ring-applied IBDU was slow compared to UF , regard-
less of the rate of N application. This was especially true 
of the turf quality response in 1974. The best turf response 
C) 
z 
I-
!BOU COARSE 
9 
8 
7 
6 
ii 5-..._~~~~~ 
15 
>- UF 
I- 9 
..J 
-- I - APRIL 
.................. 2-APRIL 
<t 
::> 
0 8 
,~ 
I I 
I \ 
I \ / p\ I .. ~. I / 
1, / /\ v 
7 f \ ;'I/ \ 
I \.;- i \ I/" ......... ...... / \ ..... ..... 
6 I f .- r 
I f 
----- 3- APRIL 
:--, 
I ' ;-°'1 /!'" ....  :· \ 
I i "" · ..• I 
1! • I 
If \I 
11 
1! 
: 
TURF BULLETIN 
from IBDU was reached 3 months after a single spring 
application. As expected, spring applied UF provided a 
much more rapid turf response owing to its water-soluble 
N fraction. The UF water-soluble N fraction apparently 
was utilized rapidly as turf quality and clipping weights 
peaked within 1 month of the spring application . A sec-
ond UF peak occurred sometime between June and Au-
gust, probably in response to N from all the water-insolu-
ble fraction released as a result of higher soil tempera-
tures. When applied only in spring, at least 2 kg N/are 
would be required from either IBDU or UF to produce 
an acceptable turf quality (rating > 6.5) throughout the 
growing season. 
The results of spring vs . fall-applied IBDU and UF at 
2 kg N/ are may be compared in Fig. 3. Spring application 
of IBDU produced a slow turf response, but did not pro-
vide an acceptable turf quality through the summer and 
early fall. IBDU applied in September provided an excel-
lent response in the fall and also produced an excellent 
response in early spring. This low temperature response 
was expected, because IBDU-N release is a dissolution 
process and soil temperature is not a primary factor affect-
ing release rate . As the spring progressed, turf quality and 
clipping weights from the single IBDU fall application de-
creased , and an additional N application would be re-
quired to maintain an acceptable turf quality through the 
summer months. IBDU would be an excellent N source 
for use on cool-season turfgrasses in locations having rel-
atively mild winters where turf areas are utilized into late 
fall and again in early spring. 
Spring-applied UF at 2 kg N/are produced a rapid 
(Continued on Page 16l 
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(Continued from Page 15) 
response from the water-soluble N fraction, with turf 
quality generally being maintained at an acceptable level 
through the summer and early fall (Fig. 3). Fall-applied 
UF also provided an excellent turf response in Septem-
ber due to the water-soluble N fraction. This fraction ap-
parently was utilized in the fall , and compared to fall-ap-
plied IBDU, fall-applied UF was unable to produce an ac-
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ceptable turf quality in early spring (April rating date). 
However, in contrast to the fall-applied IBDU, fall-ap-
plied UF provided a turf quality and clipping weight r~.,___ 
sponse through the late spring of 1974 and 1975 and su · 
mer of 1975 similar . to the single UF spring application. 
This most likely is attributable to the residual water-in-
soluble N fraction which was not used during the winter 
months because of low soil temperatures. 
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Fig. 3. EHect of IBDU coarse and UF at 2 kg N/ are applied in April or September on turfgrass quality and clipping dry weights. 
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Fig. 4. Effect of IBDU coarse and UF at 2 kg N/ are applied in one, two, or four split applications on turfgrass quality and clip-
ping dry weights. 
.. 
Turf quality response to UF was similar throughout 
the growing season whether applied in one, two, or four 
applications (Fig. 4) . Although clipping weights reveal 
ore uniform growth from two and four UF applications 
mpared to a single spring application, turf quality re-
sponse to application frequency followed the same trends 
throughout the growing season. IBDU application fre-
quency influenced turf quality response to a greater ex-
tent than UF. Single spring applications of IBD U pro-
vided slow spring greenup , but excellent turf through the 
summer. A minimum of two IBDU applications produced 
a more uniform turf quality response than a single spring 
application. In 1974, it appeared four IBDU applications 
did not provide ~ufficient N for carryover from fall to 
spring to produce acceptable turf quality in early spring. 
Two or four IBDU applications provided a more uniform 
turf quality response than one, two, or four UF applica-
tions during 1975. 
This limited effect of UF frequency of application is 
confirmed by N recovery in clippings (Table 2). At 2 kg N/ 
are applied in the spring, frequency of UF application sig-
17 TURF BULLETIN 
nificantly influenced N recovery on one date only, where-
as IBDU application frequency affected N recovery on all 
four dates. 
Note that in Fig. 2, 3, and 4 turf quality and clipping 
weights are not strongly related. Clipping weights gener-
ally peaked in response to maximum N release from either 
source. For example, in Fig. 2, IBDU clipping weights 
peaked 3 months after spring application. In the case of 
UF, an initial peak occurred 1 month after application in 
response to the water-soluble N fraction , ai:id a second oc-
curred in mid-summer, apparently in response to N re-
lease from the water-insoluble N fraction . Turf quality re-
sponded differently, with quality directly related to the 
prevailing growing conditions. This was especially true in 
late summer, when clipping weights from a single spring 
application were decreasing, while turf quality was im-
proving due to better growing conditions. These figures 
point out that clipping weights , often used as a measure 
of turf growth rate , may not always be a true indicator of 
turfgrass quality in response to fertilizer applications. 
(Continued on Page 19 l 
Table 2. Effect of IBDU coarse and UF ra te, date, and frequency of application of N recovery in clippings on early and late 
spring, mid-summer, and fall dates. 
N Sources Total N 
kg N/are 
IBDU Coarse 1 
2 
2 
2 
3 
UF 1 
2 
2 
2 
3 
AN 2 
E. ROSS SAWTELLE 
I' 905 - 1964) 
CHESTER M. SAWTELLE 
Date 
Rate and Date 1 April 1 June 1 Aug. 1 Oct . Mean 
% N 
1 -April 3 .23 4.11 4.32 4 .26 4.03 
2 - April 3.07 4.48 4.66 4.18 4.10 
1 - April , Sept. 3.76 4.28 4.27 4.80 4.27 
0.5- April , June , July, Sept. 3.63 3.70 4.50 4.69 4. 13 
3 - April 3.13 4.70 4.96 4.38 4.29 
1 -April 3.22 3.54 4.35 4.06 3.79 
2 - April 3.12 3.87 4.63 4.28 3.98 
1 -April, Sept. 3.09 3.59 4.26 4.29 3.81 
0.5- April , June, July , Sept. 3. 14 3.69 4.62 4.53 4.05 
3 - April 3.13 4.10 4.67 4.45 4.09 
0.5- April , June, July, Se pt. 3.34 3.60 4.73 4.52 4.05 
L.S.D . (0 .01 ) 0.29 0.38 0.35 0.33 0.29 
SAWTELLE BROTHERS 
565 Humphrey St. (Route 129) 
(Former New Ocean House Convention Hall) 
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Turf Maintenance Equipment and Supplies for Golf Courses 
Telephone SWAMPSCOTT 
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RATED OUTSTANDING FOR OVERALL PERFORMANCE 
... IN YEARS OF UNIVERSITY TESTING 
... IN ACTUAL USE BY PEOPLE WHO KNOW GREAT GRASS 
GROW GREAT GRASS and DEMAND GREAT GRASS. 
• DARKER GREEN COLOR THE ENTIRE GROWING SEASON 
•EXCELLENT DENSITY •GOOD DISEASE RESISTANCE 
•TOLERANCE TO MODERATELY CLOSE MOWING 
IF YOUR "GAME" IS GRASS ... BE A WIN ER 
LIKE MICKEY AND WHITEY. USE "ADELPHI" . 
"ADELPHI" HAS BEEN CHOSEN by the Plant 
Variety Protection Office, U.S.D.A., AS A 
STANDARD FOR DARK GREEN COLOR to which 
all bluegrasses applying for plant protection 
will be compared for color classification. 
(Use of this statement does not indicate any 
approval or recommendation of Adelphi by the U.S.D.A.) 
FOR I FOR 10 • CO TACT: 
.J. & L. AD IKES , INC. 
182· 12 9 3RD AVENU E 
J AMA I C A , NEW Y ORK 11 423 
( 2 12 ) 739-4400 
VAUGHAN- / 
JACKLIN I ~rporation 
Chimney Rock Road, Bound Brook, H.J. 
08805 • 201-356-4200 
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Fig. 5. Effect of IBDU coarse and UF at I, 2, and 3 kg N/ar~ applied in April on turfgrass quality and clipping dry weights 
compared to AN at 2 kg N / are applied in four split applications. 
ontinued from Page 17) 
When compared to the AN treatment of a relative 
value of 100%, N utilization appears more efficient from 
IBDU than UF (Fig. 5). Except for the initial spring peri-
od, IBDU, applied at 2 and 3 kg N/are in a single spring 
application produced turf quality and clipping weights 
comparable to or better than AN applied at 2 kg N/ are in 
four applications. In contrast, UF produced lower turf 
quality and clipping weights than AN at comparable rates 
(2 kg N/are) , except during the initial spring period when 
the water-soluble N fraction was available. Three kg NJ 
are from UF were required to provide as high a turf qual-
ity or clipping weight as 2 kg N/are from AN. 
Improved N efficiency from IBDU compared to UF 
is confirmed by N analysis of clippings (Table 2). When 
applied at the same rate and time, IBDU provided for 
equal or better N recovery than UF. Previous studies 
have also indicated better N recovery from IBDU than UF 
(2). 
Poor N recovery from UF compared to IBDU may be 
the result of two factors. First, the UF used in this study 
contained 29 % of its total N in the water-soluble form, 
whereas the IBDU N was 97 to 98% insoluble. Once the 
water-soluble N fraction of UF was utilized and/or 
leached from the root zone, the remaining amount of N 
providing for a residual turf response would be small com-
ared to IBDU. Second, UF contains a hot water-insolu-
ble N fraction which may not be available, at least' within 
the first growing season after application. This may be as 
high as 25 % of the total Nin UF. 
CONCLUSIONS 
Under the conditions of this study the following con-
clusions can be drawn regarding turf response to IBDU 
and UF: 
a) Turf response to coarse and fine IBDU was very 
similar. This may be due, in part, to the alkaline 
soils used in this study. 
bl IBDU, having a small water-soluble N fraction , 
produced a poor initial response compared to UF . 
c) When applied in the fall, IBDU produced a much 
better low temperature turf response than UF. 
d) Turf response to IBDU and UF was similar dur-
ing the summer months. 
e) Frequency of application affected turf response 
more with IBDU than UF. 
fl Two IBDU applications produced the most uni-
form turf quality response of all treatments. 
gl N recovery was better than IBDU than UF. 
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